o 

H 



CO 



CM 

CO 



UTILITY 
PATENT APPLICATION 
TRANSMITTAL 

(Only for new nonprovisional applications under 37 CFR 1 53(b)) 


Attorney Docket No 


197240US0 


First Inventor or Application Identifier 


Yutaka lKUSHIMA, et ai. u 

•r-i 


Title 


METHOD OF NOVEL NONCATALYTIC ORGANIC SYNTHESIS 



so 



« APPLICATION ELEMENTS 

<See MPEP chapter 600 concerning utility patent application contents 



Assistant Commissioner for Patents 
ADDRESS TO: Box Patent Application 
Washington, DC 20231 



=T==p mm Fee Transmittal Form (e.g. PTO/SB/17) 

= == (Submit an original and a duplicate for fee processing) 



' -3 

iO 



Specification 



Total Pages 27 



(Formals) 



3. ■ Drawing(s) (35 U.S.C. 1 13) Total Sheets 

4. ■ Oath or Declaration Total Pages 

a. ■ Newly executed (original) 

h n Copy from a prior application (37 C.F.R. §1. 63(d)) 
(for continuation/divisional with box 1b completed) 

1 D DELETION OF INVENTOR(S) 

Signed statement attached deleting inventor(s) named 
in the prior application, see 37 CFR. §1. 63(d)(2) and 
1 33(b). 



Incorporation By Reference (usable if box 4B is checked) 
The entire disclosure of the prior application, from which a copy of the 
oath or declaration is supplied under Box 4B, is considered to be part 
of the disclosure of the accompanying application and is hereby 
incorporated by reference therein. 



8. □ 

9. ■ 

10. □ 

11. ■ 

12. □ 

13. ■ 

14. ■ 



ACCOMPANYING APPLICATION PARTS 

Assignment Papers (cover sheet & document(s)) 

? 7 u C '£' R ' § 3 - 73 ( b ) Statement n Power 0 f Attorney 
(when there is an assignee) y 

English Translation Document (if applicable) 

Information Disclosure m Copies of IDS 

Statement (iDS)/PTO-1449 ■ Citations (4) 

Preliminary Amendment 

White Advance Serial No. Postcard 



Small Entity 
Statements) 



Statement filed in prior 
□ application. Status still proper 
and desired. 



Certified Copy of Priority Document(s) (1) 

(if foreign priority is claimed) 



Other: 



Notice of Priority, List of Related 
Cases 



15. If a CONTI NU I NG APPLICATION , check appropriate box, and supply the requisite information below: 

□ Continuation □ Divisional □ Continuation-in-part (CIP) of prior application no.: 

Prior application in forma tion: Exa m i ner : G rou p Art U n it : 



16. Amend the specification by inserting before the first line the sentence: 

□ This application is a □ Continuation □ Division □ Continuation-in-part (CIP) 
of application Serial No. Filed on 

□ This application claims priority of provisional application Serial No. 



Filed 



17. CORRESPONDENCE ADDRESS 




22850 

(703)413-3000 
FACSIMILE: (703)413-2220 



Name: 


Norman F. Obion 


Registration No.: 


24,618 


Signature: 




Date: 


if/// 


Name: 


imn mc^ienana 
Registration Number 21.124 


Registration No.: 





Docket No. 197240US0 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

INVENTOR(S) Yutaka IKUSHIMA, et al. 
SERIAL NO: New Application 
FILING DATE: Herewith 

FOR: METHOD OF NOVEL NONCATALYTIC ORGANIC SYNTHESIS 



CM 

m — - — . 

U 



FEE TRANSMITTAL 



ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 



FOR 


NUMBER 
FILED 


NUMBER 
EXTRA 


RATE 


CALCULATIONS 


TOTAL CLAIMS 


6 - 20 = 


0 


x $18 - 


$0.00 


INDEPENDENT CLAIMS 


2 - 3 = 


0 


x $78 = 


$0.00 


□ MULTIPLE DEPENDENT CLAIMS (If applicable) 


+ $260 - 


$0.00 


□ LATE FILING OF DECLARATION 


+ $130 = 


$0.00 


BASIC FEE 


$690.00 


TOTAL OF ABOVE CALCULATIONS 


$690.00 


□ REDUCTION BY 50% FOR FILING BY SMALL ENTITY 


$0.00 


□ FILING IN NON-ENGLISH LANGUAGE 


+ $130 = 


$0.00 


□ RECORDATION OF ASSIGNMENT 


+ $40 = 


$0.00 


TOTAL 


$690.00 



□ Please charge Deposit Account No. 15-0030 in the amount of A duplicate copy of this sheet is enclosed. 

■ A check in the amount of $690.00 to cover the filing fee is enclosed. 

■ The Commissioner is hereby authorized to charge any additional fees which may be required for the papers being filed 
herewith and for which no check is enclosed herewith, or credit any overpayment to Deposit Account No. 15-0030 . 

A duplicate copy of this sheet is enclosed. 



Date: 




22850 

Tel. (703)413-3000 
Fax. (703)413-2220 
(OSMMN 1 1/98) 



slid 



Respectfully Submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 



Norman F. Obion 
Registration No. 24,618 



Registration Number 21,124 



F-0400 

SPECIFICATION 

Method of Novel Noncatalytic Organic Synthesis 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a novel method of 
organic synthesis reaction in supercritical water that 
makes possible an organic synthesis reaction with high 
reaction rate under non catalytic conditions without 
adding high-concentration alkali, in supercritical 
water or subcritical water of at least 350°C . In more 
particular, the present invention relates to a method 
of performing an organic synthesis reaction by 
utilizing supply of OH" from the water under non 
catalytic conditions in supercritical water or 
subcritical water of at least 350 °C and a method of 
increasing the reaction rate of this organic synthesis 
reaction, and to a method of generating alcohol and 
carboxylic acid by performing a Cannizzaro reaction 
under non catalytic conditions, in supercritical water, 
without adding a basic catalyst and a method of 
generating alcohol and carboxylic acid from an aldehyde 
under non catalytic conditions without adding a basic 
catalyst in the vicinity of the supercritical point. 
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Description of the Related Art 

Recently, in the field of organic chemical 
reactions using a supercritical fluid as reaction 
medium, in addition to the various advantages in terms 
of the process, very considerable changes are reported 
in the reaction rate and selectivity in the vicinity of 
the critical point of the supercritical fluid ( 1 to 3 : 
the numbers indicate prior art references, listed in 
the last, here and hereinbelow) and these have attracted 
considerable attention. A supercritical fluid has 
physicochemical properties intermediate those of a 
liquid and a gas, and the molecular kinetic energy is 
always dominant over the inter molecular forces. 
Nevertheless, in the vicinity of the critical point, 
the formation of order of the system due to inter 
molecular forces and its dispersal due to the kinetic 
energy of the molecules are in opposition, so, on the 
micro level, while some degree of order is maintained 
(formation of clusters), the molecules of these are in a 
state of rapid turnover. Consequently, in the vicinity 
of the critical point, slight changes of temperature or 
pressure produce large changes of fluid density. 

In an organic synthesis reaction whose reaction 
medium is such a supercritical liquid, in regard to the 
reaction molecules, it has been discovered that the 
chemical interactions between different molecular 
species in the micro-regions surrounding these show 
specific changes in particular in the vicinity of the 
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critical point (4 to 5), and it may be anticipated that 
changes of dynamic and static structure will 
considerably affect the equilibrium and rate of the 
reaction and the distribution of reaction products. 

With this in view, the present inventors are 
striving to elucidate, on the molecular scale, the 
relationship between micro reaction fields and the 
factors that affect reactivity by developing new in situ 
measurement methods such as high-pressure FT-IR, 
UV/Vis, and Raman spectroscopy* If these can be put 
into practice, in addition to clarifying the 
relationship between reactivity and function of the 
reaction fields of the supercritical fluid, control of 
the micro reaction fields formed in the supercritical 
fluid by macro manipulation of temperature and pressure 
may be envisaged, and this may lead to the creation of 
novel chemical reaction processes of high selectivity 
and high efficiency which can also be applied 
industrially. 

Whilst such application to the reaction fields of 
supercritical fluids is anticipated, in recent years, 
chemical reactions in which supercritical carbon 
dioxide and supercritical water are used to provide 
reaction fields have attracted attention. It is well 
known that, whereas carbon dioxide is non polar and its 
basic properties are scarcely changed in the 
supercritical condition, on changing to the 
supercritical condition, water shows completely 
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different properties to water at ordinary temperature. 

For example, while the dielectric constant of water at 
ordinary temperature and atmospheric pressure is about 
80, in the vicinity of the critical temperature, the 
dielectric constant of supercritical water is about 3 to 
20, so the dielectric constant of water can be 
controlled continuously and in a wide range by means of 
temperature and pressure. The possibility therefore 
exists of dissolving organic substances of low polarity 
such as aromatic compounds, or various gases, in 
supercritical water; this is of exceptional value 
industrial ly . 

Thus, oxidative decomposition reactions of toxic 
substances by utilizing this characteristic of 
supercritical water (SCWO) have attracted attention 
internationally (6). This is because supercritical 
water easily dissolves many organic substances (for 
example, chlorinated aromatic compounds) and oxidizing 
agents such as air or oxygen, making it possible to 
perform oxidative decomposition (combustion). The 
present inventors also have succeeded in complete 
decomposition of polychlor inated biphenyl (PCB) by 
SCWO , using hydrogen peroxide as oxidizing agent. 
Furthermore, the possibilities of application of 
supercritical water as a reaction medium for 
thermochemical reactions such as synthesis reactions, 
reduction reactions, thermal cracking reactions or 
dehydration reactions are very wide, clearly 
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demonstrating its promise as a reaction solvent. 

Organic synthesis reactions in supercritical fluids 
have attracted attention, but most of these are 
chemical reactions employing an organo metallic 
catalyst in supercritical carbon dioxide (8); examples 
of organic synthesis reactions in which supercritical 
water is used as the reaction field are very few. The 
study of organic synthesis reactions in supercritical 
water is considered to be very significant on account 
of the properties of supercritical water that non polar 
compounds easily dissolve in supercritical water and 
that the critical temperature thereof is much higher 
than that of carbon dioxide. 

Recent investigations (9, 10) have shown that the 
strength of the hydrogen bonds of water in the vicinity 
of the critical point is greatly reduced so that a 
dimer or monomer structure is produced. Furthermore, 
investigations (11, 12) by the present inventors of 
supercritical water or high-temperature, high-pressure 
aqueous solutions using Raman spectroscopy suggest that 
the monomer structure is further decomposed by 
structural instability (dynamic changes) in the vicinity 
of the critical point, with a strong probability that 
protons are generated. Generation of protons from the 
monomer structure of water suggests that OH" ions (OH" 

) are simultaneously generated. If there are few sites 
for holding OH" within the system, the local 
concentration of OH" will rise, so considerable effects 
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on chemical reactions may be anticipated. 

As described above, various studies have previously 
been carried out centered on the vicinity of the 
critical point, concerning organic chemical reactions in 
supercritical fluids (carbon dioxide, water, ethane, or 
propane and the like) regarding temperature and 
pressure dependence of reaction rate and selectivity, 
from the point of view of the effects of 

physicochemical characteristics of the solvent, and the 
solvent or solute clustering effect. Furthermore, 
various studies have been made concerning the 
feasibility of creating novel chemical reactions 
including inorganic reactions or developing various 
chemical reactions in supercritical fluids in the 
presence of catalyst, or in situ methods of 
spectroscopic measurement of high- temperature /high- 
pressure reaction fields in for example supercritical 
water. If the relationship between chemical reactivity 
and micro factors in the region of the vicinity of the 
substrate molecules in a supercritical fluid can be 
elucidated on the molecular scale, this leads to 
elucidation of the reactivity and function of reaction 
fields in the supercritical condition and hence to the 
creation of reaction processes of high selectivity and 
high efficiency and can be expected to be of high 
utility from both the scientific and industrial 
viewpoints. However, at the present time, there are 
hardly any reports of examples of achieving high 
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reaction rate by utilizing the supply of OH" from water 
in organic synthesis reactions in supercritical water. 

In these circumstances, the present inventors, 
having previously recognized that the Beckmann 
rearrangement reaction proceeds in the absence of a 
catalyst in supercritical water, discovered that the 
reaction rate of an organic synthesis reaction can be 
increased by utilizing supply of protons from water in 
the absence of a catalyst in supercritical water, and 
that an extremely high rate constant is obtained by 
performing a pinacol rearrangement reaction in 
supercritical water, and, in addition to pinacolin, 
cyclic compounds are specifically generated in the 
vicinity of the critical point (375 to 380 °C , 22.5 to 
25 MPa). Furthermore, the present inventors, as a 
result of studying its feasibility by performing in 
situ observation of a non catalytic Cannizzaro reaction 
in supercritical water using high-temperature, high- 
pressure FTIR, discovered that the reaction using a 
basic catalyst proceeds non catalytically without the 
addition of a basic catalyst in supercritical water 
i.e. they discovered the feasibility of the 
supercritical water having a basic catalytic function, 
thereby perfecting the present invention. 

Specifically, an object of the present invention is 
to provide a method of performing an organic synthesis 
reaction in the absence of a catalyst by utilizing the 
supply of OH" from the water in supercritical water, 



and to provide a method of increasing the reaction rate 
of this organic synthesis reaction. 

Also, an object of the present invention is to 
provide a method of generating alcohol and carboxylic 
acid by performing a Cannizzaro reaction in the absence 
of catalyst without adding basic catalyst in 
supercritical water, and to provide a method of 
generating alcohol and carboxylic acid from aldehyde in 
the vicinity of the critical point. 

SUMMARY OF THE INVENTION 

According to the present invention, there is 
provided by a method of generating alcohol and 
carboxylic acid by a Cannizzaro reaction in 
supercritical water wherein an extremely high reaction 
rate is obtained without addition of high-concentration 
alkali . 

The present invention relates to a method of 
increasing the reaction rate of an organic synthesis 
reaction by utilizing supply of OH" from water in the 
absence of catalyst without addition of basic catalyst 
in supercritical water or subcritical water of at least 
3 50°C , and a method of generating alcohol and 
carboxylic acid at high reaction rate by performing a 
Cannizzaro reaction in the absence of catalyst without 
adding a basic catalyst in supercritical water, and a 
method of synthesis wherein alcohol and carboxylic acid 
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are generated from aldehyde in the absence of catalyst 
without adding a basic catalyst in the vicinity of the 
critical point of supercritical water (375 to 380 °C , 
22.5 to 25 MPa) . 

DE SCRIPTION OF THE INVENTION 

In order to solve the above problems, the present 
invention comprises the following technical means: 

(1) A method of non catalytic organic synthesis, 
which comprises performing an organic synthesis 
reaction by utilizing supply of OH" from water in the 
absence of catalyst without addition of basic catalyst 
in supercritical water or subcritical water of at least 
350 °C . 

(2) A method of increasing the reaction rate of an 
organic synthesis reaction, which comprises performing 
the organic synthesis reaction by utilizing supply of OH 
- from water in the absence of catalyst without 
addition of basic catalyst in supercritical water or 
subcritical water of at least 350 °C . 

(3) The method according to above (1) or (2), 
wherein alcohol and carboxylic acid are generated by 
performing a Cannizzaro reaction in the absence of 
catalyst without addition of basic catalyst in 
supercritical water or subcritical water of at least 

350°C . 

(4) The method according to above (3), wherein 



- 9 - 



alcohol and carboxylic acid are generated from an 
aldehyde in the absence of catalyst without addition of 
basic catalyst near the critical point* 

The invention is further described in detail below. 

On studying the feasibility of a Cannizzaro 
reaction in supercritical water, the present inventors 
discovered that alcohol and carboxylic acid are 
generated in the absence of catalyst without adding a 
basic catalyst, and that the reaction rate of an organic 
synthesis reaction is increased by supply of 0H~ from 
the water. In a conventional Cannizzaro reaction, for 
example potassium hydroxide or sodium hydroxide are 
added in high concentration, since unless alkali is 
added as catalyst, the reaction does not proceed. It is 
understood that the reaction is a reaction that is 
promoted by alkali i.e. 0H~ generated from alkali, 
since the reaction rate constant increases with increase 
of alkali concentration. By the present invention, it 
was discovered that a reaction which proceeds by basic 
catalysis proceeds in the absence of catalyst in 
supercritical water . 

When a Cannizzaro reaction was performed in 
supercritical water, it was discovered that 
disproportionation occurs even in the absence of a 
catalyst, without adding a basic catalyst, causing 
alcohol and carboxylic acid to be generated. In a 
conventional Cannizzaro reaction, the reaction does not 
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proceed unless a strong base such as sodium hydroxide is 
added as catalyst. For example, in the prior art 
method, an aqueous solution of sodium hydroxide of high 
concentration (2 mol/1) is added. The reaction rate 
constant is also increased as the alkali concentration 
increases, so it can be seen that the reaction is a 
reaction that is promoted by 0H~ generated from the 
alkali . 

The present inventors have previously used the 
high-temperature, high-pressure Raman spectroscopy 
method to study the structure of supercritical water 
(water of critical temperature at least 375 °C , critical 
pressure at least 22.05 MPa), and discovered that the 
hydrogen bonding structure is severely decomposed in 
the vicinity of the critical point, principally to a 
monomer or dimer structure. However, since there was 
no definite proof that the structure of water was 
broken down to protons ( H + or H 3 0 + ) and OH", in 
order to verify this they first proposed and studied 
performance of a reaction to which protons or OH~ 
contribute in supercritical water. 

Accordingly, first of all, the strong possibility 
of protons being supplied from supercritical water was 
grasped by ascertaining that e -caprolactam was 
generated by performing a Beckmann rearrangement 
reaction without adding acid in supercritical water, 
but, next, in order to obtain more reliable definite 
proof of supply of protons from water, the pinacol 
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rearrangement reaction was studied (13, 14), 
Furthermore, since, if water molecule monomers are 
decomposed and protons generated OH" also ought to be 
produced, in order to confirm this, a study was 
conducted to ascertain whether a Cannizzaro reaction 
could be achieved in supercritical water without 
addition of alkali catalyst* 

However, the remarkable increase in the rate 
constant obtained by performing the Cannizzaro reaction 
in supercritical water as illustrated in the 
embodiments, to be described, was completely 
unexpected. Although this depends on the alkali 
concentration and temperature of the reported examples 
that were compared, compared with the best previous 
results (NaOH 0.235M, temperature 99.4°C, rate 
constant-9.4 X 10~ 2 l.mol _1 .s _1 ) (15), an increase of 
reaction rate of more than 40 times was obtained. 
Also, although conventionally this reaction was 
conducted using, in addition, high-concentration 2M 
aqueous solution of sodium hydroxide as catalyst, 
comparing the best result of the present inventors 
(reaction rate=3.901. mol" 1 . s~ 1 ) and the prior art 
case of 60°C (rate constant= 6 . 53 X 10~ 3 1 • mol" 1 ♦ s" 1 ) , 
it was found that an increase of a factor of 600 times 
was obtained. Apart from IR, it was confirmed by NMR 
and GC-MS that no other reaction products than alcohol 
and carboxylic acid were generated. 

Although the temperature of the above reaction is 
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high since it is conducted in a supercritical condition 
(in a condition in which high-concentration alkali is 
added, performing the reaction at high temperature 
presents difficulties in regard to the equipment so, 
even if it is possible, considerable changes in the 
properties of the alkali may be anticipated), in view 
of the recent enhanced consciousness of environmental 
problems, it is considered that it is of great 
significance that a very high reaction rate is obtained 
without addition of high-concentration alkali, which has 
adverse effects on the environment. Also, only water, 
which is of low cost, being employed as solvent in the 
above reaction, and separation of the products being 
easy, this may be said to constitute a reaction method 
which is environment-friendly, in that no organic 
solvent is employed. 

According to the present invention, it was found 
that a high reaction rate was obtained by performing the 
organic synthesis reaction in supercritical water 
utilizing supply of OH" from the water in the absence 
of catalyst without adding high-concentration alkali. 

Also, it was found that a very high rate constant 
was obtained in a Cannizzaro reaction in supercritical 
water • 

Thus, the effectiveness of a method of performing 
an organic synthesis reaction by utilizing supply of OH 
~ from water in the absence of catalyst, without adding 
a basic catalyst, in the above supercritical water or 
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subcritical water of at least 350°C and of a method of 
increasing the reaction rate of an organic synthesis 
reaction and the like, has been first proved by the 
present inventors; consequently, the present invention 
is not restricted to a single specified method and any 
method of making use of these methods of course belongs 
to the method of the present invention, irrespective of 
its type. 



PhCH + OH' s£=p PhC— H Ph ^ H fr> 

? ° H i 

PhCOH + PhCH 2 CT *£=f PhCCT + PhCH 2 OH 

Cannizzaro reaction. 



Scheme 1. Cannizzaro reaction 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a diagram of a high-temperature and 
high -pressure cell. 

Figure 2 shows an IR spectrum in the vicinity of 
1000 cm -1 of an aqueous solution of benzaldehyde . 

Figure 3 shows a diagram of a continuous-flow type 
high-temperature and high-pressure laser Raman 
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spectroscopy system . 

Explanation of the reference symbols 

1 constituent element (Hastelloy C-276) 

2 constituent element in which diamond window is fixed 

3 molybdenum on which diamond window is mounted 

4 diamond window 

BEST MODE FOR CARRYING OUT OF THE INVENTION 
Examples 

Next, a specific description of the present 
invention is given with reference to examples; the 
following examples illustrate preferred embodiment of 
carrying out of the present invention, but the present 
invention is not restricted in any way to the following 
examples . 

Example 1 

(1) Outline of System 

Figure 3 shows a diagram of a continuous-flow type 
high-temperature and high-pressure laser Raman 
spectroscopy system employed in this example. As the 
method of measurement, first of all, distilled high- 
purity water (distilled three times) was degassed by 
bubbling a large quantity of nitrogen gas through it, 
then filtered, and loaded into the cell continuously 
using a pump for an ordinary high-speed liquid 
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chromatography. The pressure was controlled with an 
accuracy of ± 0.1 MPa by a back pressure valve, and 
the temperature was controlled by a constructed mantle 
heater type heating furnace, with a temperature 
controller. The temperature calibration was validated 
by measuring the pressure at an arbitrary temperature 
(for example, 350°C ) in the vapor-liquid two phase 
equilibrium region, and comparing this temperature with 
the known temperature at the saturation point by 
referring to the NBC/NRC Table. 



(2) Experimental method 

1) High-temperature and high-pressure cell 

The continuous-flow type high-temperature and high- 
pressure FTIR system constructed by the inventors made 
possible continuous reaction in supercritical water and 
in situ observation using IR. Figure 1 shows a diagram 
of a high-temperature and high-pressure cell. The use 
of diamond as the window material made it possible to 
measure the ordinary infra-red region. The optical path 
length of the cell was adjusted by using as spacer gold 
foil inserted between the diamond window and shock- 
absorbing member. The optical path length thereof was 
measured from the refractive index and the interference 
fringes of water, wherein pressure had no effect on 
this measurement, but the optical path length thereof 
increased with temperature, being 24.4 ju m at 100°C / 
44.0// m at 400°C * and becoming fixed over 400°C * Also, 
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the volume of the reaction portions (sum of the volume 
of the piping in the heating furnace and the path 
including the optical path within the cell) was 0-662 
ml . 

2 ) Method 

Using the above system, the non catalytic 
Cannizzaro reaction of benzaldehyde in supercritical 
water was studied by in situ examination. An aqueous 
solution of benzaldehyde (concentration: 0.05 M) was 
prepared using distilled high-purity water that had 
been thoroughly degassed, and was loaded into the cell 
continuously using a pump for liquid chromatography. 
The pressure was controlled by a back pressure valve and 
the temperature was controlled with an accuracy of ± 1 
K by a constructed vacuum superheating furnace. The 
high-temperature and high-pressure cell made it 
possible to measure the ordinary infra-red region by 
employing diamond as the window material. The optical 
path length of the cell was adjusted with a range of 20 
to 44 # m by inserting gold foil as spacer next to the 
window material. The reaction was conducted under the 
conditions, wherein temperature of room temperature to 
700 K, pressure of 0,1 to 25 MPa and exposure time 
(reaction time) of 12 to 360 seconds were adopted. In 
situ measurement of the reaction by IR was conducted 
with a resolving power of 4 cm' 1 after the prescribed 
temperature and pressure had been achieved. 
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(3) Results 1 

Scheme 1 shows a Cannizzaro reaction; as is known, 
the reaction proceeds under basic catalysis and the 
reaction rate increases in proportion to the 
concentration of benzaldehyde and basic catalyst. 
Figure 2 shows IR spectra in the vicinity of 1000 cm" 1 

of an aqueous solution of benzaldehyde measured with 
fixed pressure of 25 MPa, temperature 550 K (B), and 
pressure 25 MPa, temperature 670 K (C) and exposure 
time of 105 seconds. The maximum change was the point 
where strong absorption newly appeared at 1002 cm" 1 in 
supercritical water (C). This coincided with the 
absorption of the stretching vibration of CO of benzyl 
alcohol shown in ( A ) , so the fact that a redox reaction 
i.e. a Cannizzaro reaction of benzaldehyde was taking 
place in the absence of catalyst in supercritical water 
was thereby first discovered* Thus, OH" is generated 
from the supercritical water itself and contributes to 
the reaction. It is very interesting to confirm the 
fact that not only the Beckmann rearrangement reaction 
or pinacol rearrangement reaction, which proceed under 
acid catalysis, but also reactions that depend on basic 
catalysis can proceed non catalytical ly in supercritical 
water. It should be noted that it was confirmed not 
only by IR but also by GC-MS that benzoic acid is 
produced simultaneously with the benzyl alcohol. 
Furthermore, assuming that OH" is present in excess in 
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the supercritical water, the pseudo second-order 
reaction rate constant (k 2 ) in relation to the 
benzaldehyde concentration was studied by the Lambert- 
Beer law. Then, assuming that the reaction mechanism 
of Scheme 1 is followed, since cross reactions do not 
take place and the production ratio of benzyl alcohol 
and benzoic acid is 1:1, the reaction rate of the 
benzaldehyde was determined from the rate of increase 
of optical absorption of the CO stretching vibration of 
benzyl alcohol. It was found that the relationship 
between the reaction rate and reaction time satisfied a 
pseudo second-order relationship. For example, the 
reaction rate of non catalytic reaction in the 
supercritical water at 25 MPa, 600 K is 0.29±0.1 M~ 1 s 
~ 1 ; which is much larger than k 2 =3.4 X 10" 2 M~ 1 s~ 1 
when conducted at 373 K in an aqueous solution of 0.2 M 
NaOH methanol (15). 

(4) Results 2 

Next, the experimental conditions and the rate 
constants obtained according to the present invention 
are shown. The rate constants was treated assuming that 
alkali presented in excess the presence of excess 
alkali as same as in the other references, the reaction 
rate constant was treated as pseudo second-order with 
regard to the substrate concentration, and they were 
calculated from the rate of increase of the absorption 
frequency (CO stretching vibration) characteristic of 
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benzyl alcohol produced by changing the temperature, 
pressure and exposure time of the benzaldehyde aqueous 
solution, using the continuous-flow type high- 
temperature and high-pressure FTIR device developed by 
the present inventors. It should be noted that, at 
temperatures lower than a temperature of 300 °C , no 
benzyl alcohol was generated at any pressure for the 
exposure times (reaction times) indicated below i.e. it 
was not possible to confirm that a Cannizzaro reaction 
was proceeding. Recently, a Cannizzaro reaction of 
formaldehyde under hydrothermal conditions (temperature 
less than 250 °C / pressure 4 MPa) has been reported, 
but these reaction conditions are completely different 
from those of the present invention and the reaction 
time is also extremely long (more than 1 hour) i.e. the 
reaction rate is slow, so it is believed that the 
reaction proceeds by a different mechanism under 
hydrothermal conditions . 

1) Experimental conditions 

Concentration of aqueous solution of aldehyde: 0.05 M 
Temperature: 20°C -427°C 

Pressure: 0.1, 19.1, 19.6, 20, 22.1, and 25 MPa 
Exposure time: 10 seconds to 400 seconds 
The aldehyde employed was benzaldehyde. 

2 ) Results 
(Pressure: 25 MPa) 
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Temperature (°C ) Rate constant (l.mol -1 . s -1 ) 

352 0*073 

367 0,145 

377 0,287 

387 0,468 

397 0,830 

427 3,900 



(Pressure: 22,1 MPa) 

Temperature (°C ) Rate constant (l.mol - * 1 . s -1 ) 
397 0,616 
377 0.427 
327 4.32 X 10" 3 



(Pressure: 19.6 MPa) 

Temperature ( °C ) Rate constant ( 1 . mol" 1 . s" 1 ) 

377 0.012 



(Pressure: 19.1 MPa) 

Temperature (°C ) Rate constant ( 1 . mol~ 1 . s" 1 ) 

377 0.015 



Regarding previous research, there is an example of 
a synthesis reaction under hydrothermal conditions, but 
throughout the world there are scarcely any examples of 
synthesis reactions in supercritical water as described 
above; apart from the reactions of the present 
inventors, the only reaction that appears to have been 
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studied is the Diels-Alder reaction in supercritical 
water. Incidentally there are many examples of reports 
of decomposition reactions in supercritical water. 

Industrial Applicability 

As described in detail above, the present invention 
relates to a method of increasing the reaction rate of 
an organic synthesis reaction by utilizing supply of OH 
~ from water in the absence of catalyst with no addition 
of basic catalyst in supercritical water, and to a 
method of generating alcohol and carboxylic acid by 
performing a Cannizzaro reaction and the like* 

According to the present invention the outstanding 
advantages are obtained that; 

(1) a redox reaction of aldehyde can be performed in the 
absence of catalyst without adding basic catalyst; 

(2) the rate constant can be greatly increased by 
performing a Cannizzaro reaction in supercritical water; 

(3) a very high reaction rate is obtained even without 
addition of high-concentration alkali; 

(4) a Cannizzaro reaction is promoted non catalytically 
without addition of basic catalyst in supercritical 
water or subcritical water of more than 350°C ; 

(5) an organic synthesis reaction can be performed 
utilizing OH" supplied from supercritical water; and 

(6) a method of synthesis reaction can be provided which 
is environmentally friendly in- that high-concentration 
acid and/or organic solvents are not employed. 
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What Is Claimed Is: 

1. A method of non catalytic organic synthesis, 
which comprises performing an organic synthesis 
reaction by utilizing supply of OH" from water in the 
absence of catalyst without addition of basic catalyst 
in supercritical water or subcritical water of at least 
350 °C . 

2. A method of increasing the reaction rate of an 
organic synthesis reaction, which comprises performing 
the organic synthesis reaction by utilizing supply of OH 
- from water in the absence of catalyst without 
addition of basic catalyst in supercritical water or 
subcritical water of at least 350 °C • 

3. The method according to claim 1, wherein 
alcohol and carboxylic acid are generated by performing 
a Cannizzaro reaction in the absence of catalyst 
without addition of basic catalyst in supercritical 
water or subcritical water of at least 350 °C . 

4, The method according to claim 2, wherein 
alcohol and carboxylic acid are generated by performing 
a Cannizzaro reaction in the absence of catalyst 
without addition of basic catalyst in supercritical 
water or subcritical water of at least 350 °C ♦ 
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5. The method according to claim 3, wherein 
alcohol and carboxylic acid are generated from an 
aldehyde in the absence of catalyst without addition of 
basic catalyst near the critical point. 

6. The method according to claim 4, wherein 
alcohol and carboxylic acid are generated from an 
aldehyde in the absence of catalyst without addition of 
basic catalyst near the critical point. 
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ABSTRACT 



The invention provides a method of increasing the 
reaction rate of an organic synthesis reaction by 
utilizing supply of OH" from water in the absence of 
catalyst without adding a basic catalyst in 
supercritical water or subcritical water of at least 350 
°C / and a method of generating alcohol and carboxylic 
acid with high reaction rate by performing a Cannizzaro 
reaction in the absence of catalyst without adding a 
basic catalyst in supercritical water, and to a method 
of synthesis of alcohol and carboxylic acid from an 
aldehyde in the absence of catalyst without adding a 
basic catalyst near the critical point (375 to 380 °C / 
22.5 to 25 MPa) of supercritical water* 
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the specification of which 
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Application Serial No. 
and amended on 



was filed as PCT international application 

Number 
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application as defined in Section 1.56 of Title 37 Code of Federal Regulations. 
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application® for patent or inventor's certificate, or § 365(a) of any PCT International application which 
designated at least one country other than the United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's certificate, or PCT International application 
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We (T) hereby claim the benefit under Title 35, United States Code, § 119(e) of any United States provisional 
application^) listed below. 



(Application Number) (Filing Date) 



(Application Number) (Filing Date) 

We (I) hereby claim the benefit under 35 U.S.C. § 120 of any United States application^), or § 365(c) of any 
PCT International application designating the United States, listed below and, insofar as the subject matter of 
each of the claims of this application is not disclosed in the prior United States or PCT International application 
in the manner provided by the first paragraph of 35 U.S.C. § 112, I acknowledge the duty to disclose 
information which is material to patentability as defined in 37 CFR § 1.56 which became available between the 
filing date of the prior application and the national or PCT International filing date of this application. 
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Application Serial No. Filing Date abandoned) 
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Registration Number 30,073; Robert F. Gnuse, Registration Number 27,295; Jean-Paul Lavalleye, Registration 
Number 31,451; Timothy R. Schwartz, Registration Number 32,171; Stephen G. Baxter, Registration Number 
32,884; Martin M. Zoltick, Registration Number 35,745; Robert W. Hahl, Registration Number 33,893; 
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Registration Number 36,160; Richard L. Chinn, Registration Number 34,305; Steven E. Lipman, Registration 
Number 30,011; and Jacques M. Dulin, Registration Number 24,067; our (my) attorneys, with full powers of 
substitution and revocation, to prosecute this application and to transact all business in the Patent Office 
connected therewith; and we (I) hereby request that all correspondence regarding this application be sent to the 
firm of OBLON, SPIVAK, McCLELLAND, MAIER & NEUSTADT, P.C., whose Post Office Address is: 
Fourth Floor, 1755 Jefferson Davis Highway, Arlington, Virginia 22202. 

We (T) declare that all statements made herein of our (my) own knowledge are true and that all statements 
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knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the application or any patent issuing thereon. 
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